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Size Distribution and Velocity or~ 
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Cleveland, Ohio 
S in g le j ets of ethanol were s tudie d photoUlicrograprucalJy inside a rocket chamber as they broke 
up into sprays of drops which underwent s imultaneous acceleration and vaporization with chemical 
reaction occurring in the surrounding comb u s tion gas s treaUl. In each rocket test-firing, liquid 
oxygen was used as the oxidant. Both drop velocity and drop s ize dis tribution data were ohtained 
froUl photoUlicrog raphs of the ethano l drops taken with an ultra - high speed tracking camera de-
veloped at NASA, Lewis Research Center. 
A JET of liquid fuel injected into a relatively high tempera-ture, high pressure, combu tion-gas stream very quickly 
atomizes and ignites into a spray of burning drops. Knowl-
edge of the size distribution and the velocity of burning fuel 
drops in a combustor is required in order to determine spray 
vaporization rates which are generally considered to control 
the rate of the overall combu tion process (1) .2 • 
The purposc of this investigation was to obtain the size 
distribution and velocity of ethanol drops in a rocket combus-
tor burni ng ethanol and liquid oxygen. Other investigations 
(2) have produced some results in this field by means of 
photographic t echnique. From past experience, photo-
graphic methods appear to hold the most promise for this 
type of investigation . For the prcsent study, a high speed 
tracking camera was dcveloped at NASA, Lewis Research 
Center [described in (3) 1 which gave photomicrographs as 
shown in Fig. l. A magnification of 15 was used for these 
pictures. 
From the photomicrographs of burning ethanol drops taken 
at a distance of 4 in. downstream from the injector face, it 
was possible to determine the size distribution of the drops and 
analyze the data using the Nukiyama-Tanasawa, log prob-
ability, and Rosin-Rammler expressions for size distribu-
tion. Also, drop velocities were determined from the peecl 
at which the mirror tracked the drops in stopping their 
images on the infrared film. 
The velocity V d of a stopped ethanol drop image (as shown 
in Fig. 1) was calculated from the expression V d = 4rrwL/ M , 
where L is the distance from the mirror to the film plane, Mis 
the magnification (M = 15), and withe mirror speed. A 
Remilog plot of the observed drop velocity against the drop 
diameter, at a distance 4 in . downstream from the injector 
face, is shown in Fig. 2. The inj ection velocity for the etha-
nol jet s was approximately 25 fps, \Vh~reas drop velocities 
were found to be approxima tely 30 and 70 fps for the 344- and 
35-J.L diameter drops, respectively, at the camera station. 
The volume median drop diameter D30 was found to be 152 
J.L as calculated by direct integration of the experimental drop 
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Fig. 1 Photomicrograph of burning ethanol drops 
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size data. This agrees with the value of 154 u obtained for 
D30 from Fig. 3, which shows a plot of the following Nukiyama-
Tanasawa expression
dR	 b6 D-1 e —bD	 [1] 
-	 .dD	 120 
which may be rewritten as
o 
3.9l51 /120
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since integration of Equation [1] gives D30 = 3.915/b = 
- 1.7/slope. 
The drop size data were also plotted, as shown in Fig. 4, 
using the log probability expression 
o	 by 
1=_fe_o211 2 dY 	 [3] 
where y = in (DID*). Integration of Equation [3] and the 
slope of the plot in Fig. 4 gives a value of D30 of 158 ju, which 
also agrees fairly well with the value obtained by direct in-
tegration of the drop size data. 
A plot of the Rosin-Rammler expression 
1 - R = [4] 
shown in Fig. 5, gives a D35 value of 116 p. This is consider-
ably below the value of 152 1L obtained by direct integration 
of the drop size data. Thus, the Rosin-Rammler expression 
appeared to give the poorest results. However, more experi-
mental drop size data for fuel sprays burning in rocket com-
bustors are needed to establish the general applicability of the 
Nukiyama-Tanasawa and log probability expressions to 
burning sprays. 
Concluding Remarks 
The most difficult problem encountered in photographing 
the fuel spray was that of providing sufficient light to pene-
trate the relatively opaque flame without scattering appreci-
ably and still operate on an extremely short time scale (ten 
billionths of a second for a 10-s diameter drop traveling 100 
fps and magnified 15 times). However, with the tracking 
camera it was possible to have an exposure time of approxi-
mately 8 microsec. Also, since long wave length light gave 
less light scattering, it was found that infrared film used in 
conjunction with a red filter on the light source gave the best 
results. 
Nomenclature 
b = constant Equation [1] 
D = drop diameter, cm 
D = size parameter in Equation 141, cm 
= drop diameter at R = 0.50, cm 
= volume median drop diameter, defined by the .general ex- 
- pression (D,1)'	 EnD' = 	 which gives EnD 
D50 
= [EnD3]h/3 
e = mean diameter notation 
f = mean diameter notation 
L = distance from tracking mirror to film plane, cm 
M = magnification 
n = number of drops 
q = constant Equation [4] 
1? = volume fraction of drops having diameters <D 
AR = nD3/EnD' 
Vd = drop velocity, fps 
y = in (DID*) 
= constant Equation [31 
= tracking mirror speed, rps
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Fig. 2 Drop size and velocity data 
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Fig. 3 Nukiyaina-Tanasawa analysis of experimental drop size 
data; b = 0.0254, Da = 154 s 
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Fig. 4 Log probability analysis; D* = 187 ,, D30 = 158k 
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Fig. 5 Rosin-Rammler analysis; q = 3.2, D = 288 M,Dzo=
116 ,ti 
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